The polymeric immunoglobulin receptor (pIgR) on mucosal epitheial cells binds dimeric IgA (dIgA) on the baolateral surface and mates transport of dIgA to the apical surface. Using Madin-Darby canine kidney epithelial cells stably transfected with pIgR cDNA, we found that soluble immune complexes (ICs) of 125I-labeled rat monoclonal antidinitrophenyl (DNP) dIgA ("I-dIgA) and DNP/biot-bovine serum albumin were transported from the basolateral to the apical surface and then r dl. Monomeric IgA ICs were not transported, consnt with the specificity of pIgR for polymeric Immunogbulins. Essentially all the '25I-dIgA in apical culture supernatants was streptavidin precipitable, iditig that dIgA remained bound to antigen during ytoss.
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While both dIgA and dIgA ICs bound pIgR with equal affinity (Kd 8 nM), the number of high-affinity binding sites per cell was 2-to 3fold greater for dIgA than for dIgA ICs. The extent of endocytosis of dIgA and dIgA ICs was correlated with the number of high-affinity binding sites. SDS/PAGE analysis of intracellular dIgA and dIgA ICs demonstrated that in both cases IgA remained undegraded during transport. The results suggest that the pathways of epithelial transcytosis offree dIgA and dIgA ICs are the same. Given the high population density of mucosa IgA plasma cells and the enormous surface area of pIgR-expressing mucosal epithelium, it is likely that sificant local transytosis of IgA ICs occurs in vvo. Such a process would allow direct elimintlon of IgA ICs at the mucal sites where they are likely to form, thus providing an important defense function for IgA.
Secretory IgA is the first line of immune defense, interacting with a variety of environmental antigens (1) (2) (3) (4) . Traditionally this form of IgA has been viewed as an immunological barrier designed to combine with antigens external to body tissues, as in the lumen of the intestinal or respiratory tracts, and prevent foreign matter from impinging on the lining epithelium and entering the body proper. However, immune complexes (ICs) containing IgA may also form within the mucous membranes if foreign macromolecules should penetrate the epithelium or if infectious agents are replicating locally. In such cases, IgA ICs could gain access to the systemic circulation and deposit in tissues or organs such as the spleen, liver, or kidney (5) . On the other hand, direct elimination of IgA ICs at the mucosal sites where they are likely to form could minimize negative pathophysiological consequences of IC deposition within body tissues systemically and could provide an important, but hitherto unappreciated, defense mechanism.
The transport of secretory IgA into external fluids is mediated by the polymeric immunoglobulin receptor (pIgR), expressed on the basolateral surface of mucosal epithelial cells (6) (7) (8) (9) (10) (11) . The complex of pIgR and dimeric IgA (dIgA) is endocytosed and transported through vesicular compartments to the apical surface, where proteolysis of pIgR between the ectoplasmic and membrane-spanning domains results in release of dIgA bound to the ectoplasmic domain of pIgR (also known as secretory component). Mostov and Deitcher (12) Preparation of IgA ICs. Monomeric IgA (mIgA) and polymeric IgA were isolated as described from ascitic fluid of rats injected with IR 1060 cells, a rat hybridoma secreting monoclonal IgA with specificity for dinitrophenyl (DNP) (13) . Dimeric IgA was separated from higher polymers by gel filtration, and purity of the monomeric (mIgA) and dimeric (dIgA) fractions was confirmed by SDS/PAGE (14) . IgA was labeled with 125I to a specific activity of 1.0-1.5 x 108 cpm/,ug via lactoperoxidase (15) . DNP was conjugated to bovine serum albumin (BSA) as described (16) ; the molar ratio of DNP/BSA was calculated to be 3.5:1, based on the ratio of absorbance at 360-280 nm (16) . For some experiments, biotin was covalently coupled to DNP-BSA via biotin-Nhydroxysuccinimide ester (BRL) (17 Filters were rinsed with ice-cold Dulbecco's PBS with 0.05% NaN3 and 0.1% BSA. Cells were then gently scraped off the filters into 1 ml of Dulbecco's PBS, washed, and collected by centrifugation as before. Cell pellets were lysed in 0.1 M Na2HPO4/1.0% (vol/vol) Triton X-100/5 mM EDTA/100 kallikrein inhibitor units of aprotinin per ml (Sigma)/0.5 mM soybean trypsin inhibitor (Sigma)/0.5 mM phenylmethylsulfonyl fluoride (Sigma). Cell lysates were cleared of denatured DNA and protein as described (19) . To determine the concentration of intracellular 1251I-dIgA or 1251-dIgA ICs, 75-.ld aliquots of the clarified supernatants were precipitated with TCA. The effectiveness of the Pronase treatment in removing cell-surface dIgA or dIgA ICs was confirmed by the observation that Pronase removed all the 1251 from cells that were maintained at 0C (thus preventing endocytosis) prior to Pronase digestion (see Fig. 4 ). To determine the extent of degradation of intracellular 1251-dIgA or 125I-dIgA ICs, aliquots of clarified supernatant containing 4000 cpm were analyzed by reducing SDS/PAGE in a 5% stacking/10% separating acrylamide gel (14) . Gels were dried and exposed to Kodak XAR-5 film. The lack of degradation of intracellular dIgA or dIgA ICs (see Fig. 5 (Fig. 4) . When cultures were warmed to 3rC, endocytosis of both ligands was rapid, initially peaking at 30 min. The magnitude of this initial phase of endocytosis was -3-fold higher for dIgA than for dIgA ICs, roughly consistent with the average 2-to 3-fold difference in number of highaffinity binding sites for these two ligands (Table 1 and data not shown from other binding experiments). A second peak in intracellular dIgA was observed at 2 hr, after which time its concentration declined steadily. In contrast, intracellular concentrations of dIgA ICs remained fairly constant or increased slightly for up to 4 hr and then declined slowly for up to 24 hr. After 4 hr, intracellular concentrations of dIgA and dIgA ICs were similar. As observed in previous experiments (cf. Fig. 1 ), the magnitude of transcytosis offree dIgA was significantly greater than dIgA ICs and continued at a high rate for up to 24 hr (data not shown), suggesting that multiple rounds of internalization and transport of dIgA had occurred. In cootrast to the high rate of dIgA transcytosis throughout the experiment, all the dIgA ICs ultimately released into the apical medium could be accounted for by the dIgA ICs that were internalized within the first 4 hr. The apparent occurrence of multiple rounds of dIgA internalization and transport is consistent with the hypothesis that a residual pool of dIgA existed on the cell surface, presumably bound to low-affinity sites, which did not mediate endocytosis. This pool of surface-bound dIgA could be made available to newly expressed pIgR molecules on the cell surface after the first wave of pIgR-mediated endocytosis had occurred, Alternatively, multiple rounds ofdIgA internalization could have resulted from recycling ofendocytosed dIgA back to the basolateral surface, as previously reported in pWE cells (22) . In summary, we conclude that the magnitude of transport of either dIgA or dIgA ICs is determined by local concentrations of these ligands at the cell surface.
Intracellular Deffadation of dIgA and dIgA ICs Is Minimal. A difference in intracellular degradation of dIgA and dIgA ICs could suggest that free vs. complexed IgA might be targeted differentially for transport vs. lysosomal degradation and could account for the lesser amounts of dIgA ICs detected in apical culture supernatants. Accordingly, the TCA precipitability of intracellular dIgA and dIgA ICs was compared in cell lysates from the endocytosis experiment described in Fig. 4 24 hr the TCA precipitability of both ligands was greater than that of the starting material, indicating that only intact ligands had bound to the cell surface and had been internalized. To test the possibility that partial intracellular degradation had occurred, resulting in the release of large proteolytic fragments that were still TCA precipitable, cell lysates were also analyzed by SDS/PAGE (Fig. 5) . Again, the patterns were indistinguishable for dIgA and dIgA ICs. While there was evidence of partial degradation of heavy chains at 2 hr and beyond (presumably from proteolysis at the hinge region), most of the intracellular free dIgA and dIgA ICs were undegraded. Taken together, the results of the endocytosis and intracellular degradation experiments suggest that the pathways of transcytosis of dIgA and dIgA ICs are essentially the same. DISCUSSION The daily production of antibodies of the IgA isotype exceeds that of all other immunoglobulin isotypes combined (2) (3) (4) (26, 28) . In addition, in rodents a pIgR-mediated pathway allows hepatocellular transport of both IgA and IgA ICs from blood to bile (23, 24, 30) , but this pathway is not so important in humans (4, 31, 32 (27, 28 
